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VENTRICULAR SCARS AND VENTRICULAR TACHYCARDIA

WILLIAM G. STEVENSON, M.D.

BOSTON, MASSACHUSETTS

ABSTRACT

Ventricular tachycardia (VT) is a life-threatening arrhythmia that is com-
mon to all forms of heart disease and an important cause of sudden death.
Ventricular scars from infarction or replacement fibrosis provide a substrate
for reentry that is a common cause. Understanding the pathophysiologic link
between ventricular scars and ventricular tachycardia informs approaches to
identify patients at risk, has led to development of methods to ablate the
arrhythmia substrate that can be applied even in severe heart disease, and
suggests future diagnostic and therapeutic strategies.

Sustained ventricular tachycardia (VT) is an important cause of many
of the 150,000 to 300,000 out of hospital sudden deaths that occur
annually in the US, but also has less catastrophic presentations, includ-
ing syncope and palpitations, that are sometimes harbingers of a future
fatal event. The electrocardiographic characteristics of VT indicate its
potential mechanism and cause. Polymorphic VT (Figure 1, panel A) has
a continually changing QRS morphology, indicating that the sequence of
ventricular activation is changing on a beat to beat basis. Polymorphic
VT is due to irregular activation waves spiraling throughout the ventri-
cles. This type of activation can occur in the absence of a structural
arrhythmia substrate (e.g., induced by electrical shock in a previously
healthy individual), and often degenerates to ventricular fibrillation.
This sequence is commonly induced by acute myocardial ischemia, as
well as genetically determined ion channel abnormalities that cause
sudden death, such as the long QT syndrome and Brugada syndrome.

Monomorphic VT, in which each QRS is similar to the preceding and
following QRS indicates that ventricular activation is the same from
beat to beat (Figure 1 panel B). These VTs are associated with a fixed
arrhythmia substrate. It may be a focus of automaticity in some,

Correspondence and reprint requests: William G. Stevenson, MD, Cardiovascular Division,
Brigham and Women’s Hospital, 75 Francis St, Boston, MA 02115, Tel: 1-857-307-1948, Fax:
1-857-307-1944, E-mail: wstevenson@partners.org

Potential Conflicts of Interest: Grants Received: Biosense Webster Inc.; Honororia: Med-
time, St. Jude, Biosense Webster, Boston Scientific; Patents pending: needle electrode to
Brigham and Women’s Hospital

403



relatively benign idiopathic VTs, or, more commonly, a region of scar
that provides the substrate for reentry (1).

Understanding the anatomy and electrophysiology of ventricular
scars can facilitate recognition of patients at risk for VT, provides an
understanding of therapeutic options and limitations, and suggests
avenues for future investigations.

REENTRY IN VENTRICULAR SCARS

Myocardial infarction is the most common cause of ventricular scars,
but scars also occur in nonischemic cardiomyopathies due to replace-
ment fibrosis, which is a poorly understood consequence of many
cardiomypathies. Scars are also created in the course of cardiac surgi-

FIG. 1. Polymorphic VT is shown in Panel A. Monomorphic VT is shown in Panel B.
A schematic for reentry in a region of scar is shown in Panel C. Reentry wavefronts are
indicated by black arrows. Fibrosis creates a channel for conduction through the scar. A
gray scale rendition of a voltage map of the left ventricle as viewed from the right oblique
projection is shown in Panel D. This map was created by moving a mapping catheter over
the endocardial surface of the left ventricle and plotting the peak to peak electrogram
amplitude. An extensive anterior wall infarct is present, indicated by low voltage (lighter
shades of gray). The basal portion of the ventricle has normal amplitude (darker shade
of gray). Exit regions for VT were identified along the border zones (interface between
low voltage and normal voltage regions) in this patient.
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cal repairs, such as surgical correction of Tetralogy of Fallot (2). Ven-
tricular scars consist of regions of dense fibrosis with collagen and
fibrocytes, but also contain regions with surviving myocyte bundles (3, 4).
The dense fibrosis creates conduction block that can define borders of
reentry circuits (Figure 1, panel C). Fibrosis also contributes to the
creation of slow conduction that is necessary for reentry (3). At the
microscopic level, fibrosis separates myocyte bundles, forcing the ex-
citation wavefront to take a circuitous course through the bundles. In
addition, conductivity between cells can be diminished. This uncou-
pling of myocyte bundles, and to some extent the myocytes within the
bundles, slows conduction, although action potentials and ion channels
in the myocytes can be relatively normal. Slow conduction and fibrous
anatomic barriers set the stage for reentry.

The relatively fixed anatomic nature of the substrate for reentrant VT
contributes to several features of scar related reentrant VT. VT is mono-
morphic, because ventricular activation outside the scar proceeds from a
stable location, which is typically the exit of a group of surviving myocyte
bundles, that form a channel for conduction through the scar (Figure 1,
panel C). A single scar is often able to support multiple different circuits,
however, so a single patient can have different morphologies of mono-
morphic VT. This substrate for reentry remains stable over time, so that
patients are subject to recurrent episodes of VT over years. Antiarrhyth-
mic drug therapy has poor efficacy. Available drugs act on ion channels
to delay recovery from excitation or slow conduction. These effects may
slow conduction further in the scar, but often fail to prevent reentry,
which may be largely anatomically determined.

THE IMPLANTABLE DEFIBRILLATOR

Implantable cardioverter defibrillators (ICDs) effectively terminate
VT episodes, either by delivering a high voltage shock for cardiover-
sion, or by applying a burst of rapid pacing that interrupts reentry. Of
patients who survive an episode of sustained VT and have an ICD
implanted, 40% to 60% will have another episode of VT detected by the
ICD withing two years. Of patients who receive an ICD for sudden
death prophylaxis, because they are recognized to have a significant
risk of sudden death (often an old infarct scar), approximately 20% will
have an episode of VT within 3 to 5 years (5–8). While ICDs are
life-saving, shocks reduce quality of life. In addition, episodes of VT
predict increased risk for subsequent heart failure and mortality even
though sinus system is restored by an ICD (5, 8). Antiarrhythmic drug
therapy can reduce VT episodes but with disappointing efficacy and a
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problematic incidence of side effects (6). Catheter ablation has an
important role to reduce VT episodes and can be life-saving when VT
is incessant (1, 9, 10).

CATHETER MAPPING AND ABLATION

Catheter ablation seeks to locate reentry circuits and interrupt
them, usually with radiofrequency burns. There are several chal-
lenges. Ablation lesions are relatively small, 5 to 10 mm in diameter,
compared to the size of the scars and reentry circuits, which are
typically over 10 to 30 cm in circumference (1, 11). One approach to this
problem is to identify the critical isthmus in the reentry circuit where
a small lesion can interrupt the circuit. Previously this approach
required mapping during the induced VT, an approach that is difficult
when the VT was poorly tolerated. Even when one channel is identified
for ablation, most scars contain multiple channels and potential reen-
try circuits. In many patients these problems can often be overcome by
mapping techniques that identify the reentry circuit substrate during
stable sinus rhythm.

Substrate Mapping

As a consequence of reduced myocyte bundles, scars can be delin-
eated based on the amplitude of electrograms recorded during catheter
mapping. Development of technology to create three-dimensional ana-
tomic maps that display electrogram amplitude (voltage maps) nicely
demonstrates the location of the scar as a low voltage region (Figure 1,
panel D) (1, 4, 12, 13). Furthermore, to define potential reentry circuit
channels and slow conduction, areas of dense fibrosis can be identified as
electrically unexcitable regions that have a high pacing threshold (4).
Slow conduction can be identified from multiple component signals that
are evidence of asynchronous slow conduction through uncoupled myo-
cyte bundles. The region of the scar that contains the exit of a reentry
circuit channel with the surrounding myocardium can be identified by
pacing along the border as the region where pacing produces a QRS
configuration similar to that of VT (14, 15). Identification of the reentry
substrate allows it to be targeted for ablation during stable sinus rhythm.
Additional mapping during brief episodes of VT can be focused on likely
substrate areas if desired.

Ablation of Post-Infarction VT

The greatest experience for ablation is for VT due to prior myocardial
infarction in patients who are having frequent episodes of VT despite
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antiarrhythmic drug therapy. Two multicenter trials and a number of
single center series have reported over 1000 patients treated with
catheter ablation (1, 16, 17). These patients have relatively severe heart
disease with a left ventricular ejection fraction that typically averages
below 0.32. Catheter ablation reduces frequent episodes of VT in over
70% of patients and abolishes all episodes of VT in about half of
patients. The procedure related mortality is approximately 3%, often
due to failure to control VT when the procedure fails. Minor complica-
tions occur in about 10% of patients, most commonly related to vascu-
lar access.

Scars in Nonischemic Heart Disease

Smaller series have reported ablation of scar-related VT in nonisch-
emic heart disease (18–20). Ablation is more difficult, because the scars
are often intramural or epicardial. Ablation has been facilitated by the
development of percutaneous epicardial mapping and ablation tech-
niques that employ a subxyphoid pericardial approach to access the
pericardial space (21, 22).

The techniques for substrate mapping have also been applied to
ablation of scar-related VT after repair of tetralogy of Fallot (2), and in
arrhythmogenic right ventricular dysplasia (23).

When Ablation Fails

Failure of catheter ablation is now often due to anatomic constraints.
The reentry circuits are located deep within the myocardium, or are in
close proximity to a coronary artery and protected, or simply greatly
exceed the size of ablation lesions. Transcoronary ethanol ablation has
been used to approach some of these VTs, but is dependent on the
ability to identify the vascular supply to the reentry circuit, and likely
has greater risks (24).

Mapping and ablation technologies to deal with these limitations are
in development. Use of needle electrodes deployed through a steerable
catheter for intramural mapping and ablation appears feasible in
animal models (25, 26).

Imaging of Ventricular Scar to Predict Risk

The link between ventricular scar and arrhythmia risk suggests that
identification and characterization of scar with imaging may allow
prediction of arrhythmia risk. In magnetic resonance images, scar is
identified by delayed washout of gadolinium contrast (27, 28). In myo-
cardial infarction survivors, the size of the “border zone” region of scar
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was a marker for late mortality (28). The characteristics of the scar
were also related to the presence of ventricular tachycardia in another
study (29). In patients with nonischemic cardiomyopathy who have VT,
MR imaging usually shows scar (27). Ongoing trials will clarify the
clinical utility of cardiac scar imaging.

THERAPY DIRECTED AT SCARS AND IMPROVING
VENTRICULAR FUNCTION

Although ICDs prevent sudden deaths, and recurrent VT can usu-
ally be controlled by ablation, arrhythmia control is only part of the
problem. Episodes of VT are a marker for increased risk for progressive
heart failure and death, even when VT is promptly terminated by the
ICD. Thus, exploration of biological therapies to improve myocardial
function are of great interest. There is also evidence that infarct scars
are subject to ongoing remodeling with continual degradation and
deposition of the fibrous matrix. Furthermore, it appears that fibro-
blasts and myofibroblasts may influence the electrophysiologic prop-
erties of infarct scars. These cells have a membrane potential and if
coupled to myocytes, can slowly transmit the excitation wavefront, or
may serve as current sinks that can impede conduction (30, 31). As with
antiarrhythmic drug therapy, modification of electrophysiologic prop-
erties in scars has the potential for beneficial, as well as adverse,
proarrhythmic, effects (32, 33). An indication that this concern is rele-
vant emerged as frequent VT in patients who had skeletal myoblasts
injected into old infarct ventricular scars at the time of coronary artery
bypass surgery.

CONCLUSIONS

Ventricular scars are a major cause of ventricular tachycardia in
many forms of heart disease. Methods to identify and characterize scar
hold promise for identifying patients at risk. Despite implantable
defibrillators, which provide protection from sudden death, recurrent
VT predicts increased risk of mortality and negatively affects quality of
life. Whether VT is simply a marker for deteriorating cardiac function,
or directly contributes to the adverse outcomes is not clear. Reentry
circuits in scars can be targeted for ablation by identifying the sub-
strate during stable sinus rhythm, but methods to target intramural
reentry circuis are needed. Therapies that alter scar remodeling and
improve ventricular function hold promise, but have potential proar-
rhythmic effects requiring careful evaluation as these therapies move
into clinical trials.
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DISCUSSION
Mackowiak, Baltimore: Bill, thank you very much. That was a very nice presen-

tation. What percentage of implantable defibrillators actually fire once they have been
put into place?

Stevenson, Boston: People fall into two groups. The first are those who are at risk
for having VT, but they haven’t yet had an event, the so called primary prevention group,
and they usually have a defibrillator placed because they have depressed ventricular
function, often with heart failure. Defibrillators detect a spontaneous arrhythmia in that
group at a rate of about 5 to 7% per year, less in some populations. Depending on how
the device is programmed, often a rapid VT can be terminated without a shock, can be
terminated with rapid pacing. Often that will be asymptomatic, and that’s probably
two-thirds or so of patients. So shocks occur at a rate of about 2% per year. The second
group are patients who are resuscitated from an arrest and then get their defibrillator.
They have a much higher risk of recurrent episodes of about 40% over two years.

Brenner, San Diego: What happens with the stem cell therapy? Do they actually
incorporate into the myocytes or do they have some other unclear beneficial effect?

Stevenson, Boston: It appears that very few of them survive in the myocardium
there is the potential that they alter that fibrous matrix, and that may still have adverse
or beneficial electrophysiologic effects.

Friesinger, Nashville: Thank you very much. I have two questions of a general
nature. In the 70s and 80s, we had some enthusiasm for drugs. The lack of efficacy and
the side effects led us away from that. We now have a new word in the Lexicon—
“channelopathies.” So we have developed a lot of new knowledge, but I assume that
doesn’t play out with these microcircuits in reference to what you speak of, So I was
curious about that, and maybe a guide to how much we are doing with drugs would be
what sales have done in the last few years. The second question has to do with the other
approach—the anti-tachycardic pacing for these kinds of arrhythmias. My colleagues at
Vanderbilt have some enthusiasm for that. So I would be interested in your view on that
also.

Stevenson, Boston: Now we know a lot more about ion channels, and we know a lot
more about ion channelopathies, but still pharmacologic approaches for scar-related VTs
is disappointing. It seems like it is such a structural problem. Some drugs slow conduc-
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tion, which can promote re-entry unless they slow it to the point of failing to conduct, and
it seems like you can’t really do that without getting a fair amount of toxicity. Others
prolong the recovery time, which is a bit more effective; but still efficacy has been poor.
Recognizing now that it is more of a structural problem, there are some drugs on the
horizon that alter myocyte coupling. There is hope for future pharmacologic therapy of
atrial arrhythmias, and scar-related VTs. Anti-tachycardia pacing is routinely used with
defibrillators and is very important because it does allow many people to avoid a painful
shock for their VT. The group at Vanderbilt was instrumental in a trial that showed that
even with very rapid VTs, it is worth trying a burst of rapid pacing to try and terminate
VT before a shock.
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